J. Am. Chem. SOC. diffusing carbonium ions by acetonitrile solvent followed by hydrolysis (the Ritter reaction starting from an unactivated C-H bond). The other minor byproducts including those derived from photooxidation of the tetra-n-butylammonium cations and the acetonitrile solvent as well as a small percentage of the epimerization product arise from freely diffusing intermediate radicals.
diffusing carbonium ions by acetonitrile solvent followed by hydrolysis (the Ritter reaction starting from an unactivated C-H bond). The other minor byproducts including those derived from photooxidation of the tetra-n-butylammonium cations and the acetonitrile solvent as well as a small percentage of the epimerization product arise from freely diffusing intermediate radicals.
Not shown in Scheme I11 are the processes involving reoxidation of the reduced [or photoreduced] polyoxotungstates. Reoxidation can be facilitated by (1) reaction with O2 and protons, evolved from the dehydrogenation reactions, to form H 2 0 , (2) reaction solely with protons to form H2, or (3) in some circumstances, by reaction with other oxidants. These processes, although peripheral to the novel chemistry in the complex redox processes which we have elaborated in this paper, are nevertheless significant for they limit the overall rate of catalytic turnover.
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The substantial degree to which the first and second redox potentials, protonation states, and other characteristics of the polyoxometalates that affect the relative rates of the key processes in Scheme I11 and analogous processes in other reactions can be systematically altered through rational syntheses of polyoxometalates suggests potential applications of these complex inorganic molecules to transformations of organic materials in synthesis and various technologies.
Introduction
The photochemistry of imides has received much attention during the last two especially their inter-and intramolecular photoreduction reaction^^-'^ and their photoadditions to alkenes which leads to oxetanes, thus illustrating the reactivity of their carbonyl n,u* state. In addition, phthalimides and naphthalimides show typical photoreactivity with olefins leading to dihydrobenzazepinedione-type molecules' following insertion of the alkene into the N-C bond of the imide function. Photoreductions, involving the abstraction of an allylic hydrogen atom of the olefin followed by the coupling of the resulting two radicals, have been shownI7 to depend upon the redox potential of the alkene and to arise from photoinduced electron transfer. On the other hand, benzazepinedione formation has been postulated to occur through a 2a + 2u concerted cy~loaddition.'~*'~ Extension of the u conjugation using naphthalimides has shown a fundamental difference in reactivity depending on the position of the imide moiety in the m o l e~u l e .~~'~~'~ Thus, irradiation of 2,3-naphthalimides in the presence of olefins in methanol solution CNRS. *Hungarian Academy of Sciences. yields oxetanes, naphthazepinedione, and solvent-trapped add~c t s ,~J ' while the 1 ,I-naphthalimides give only tetracyclic imides by lP-addition of the olefin to the naphthalene ring together with methanol incorporation," and no naphthazepinedione was found in this case. Phthalimides substituted on the nitrogen atom by a (dialkylamino)alkyl group probably react from a n,r* singlet excited state since flash photolysis experiments indicate two transients-triplet species and an isomeric imide resulting from hydrogen 1,3-shift-which are unrelated to the intramolecular photochemical cyclization.'* Surprisingly, little is known about the spectroscopic properties of the dicarboximides. The fluorescence emission of N-alkylphthalimide~'~ has been reported recently. N-Phenyl-2,3-naphthalimide shows fluorescence properties (vide infra) quite different from those of the corresponding N-H and N-methyl derivatives. For instance, 1 and 2 have a normal fluorescence emission around 385 nm; however, the N-phenyl-substituted compound 3 presents a dual emission which is viscosity and temperature dependent. It is the aim of the present paper to rationalize this difference and to offer a plausible explanation in terms of molecular motions.
Experimental Part
The UV-visible absorption spectra were obtained using a Varian-Cary Model 219 apparatus. Fluorescence spectra were recorded with a Perkin-Elmer Model MPF 44B apparatus equipped with a DCSU-2 spectral (16) 10-ps time resolution, and the fluorescence was focused through an optical coupling on the slit of the streak camera and the data were transferred to a multichannel analyzer which enabled the accumulation of several decay measurements. In this way lifetimes of 50 ps or more could be analyzed in the same way as described for data stored in the digitized oscilloscope. Ethanol (Prolabo, R P grade), acetonitrile (Aldrich, HPLC grade), glycerol (Merck, fluorescence grade), and butyl chloride (Aldrich, HPLC grade) were used as received. Butyronitrile (Aldrich) and butyl acetate (Aldrich) were purified by chromatography over alumina and distilled before use.
Preparation of the Products. The preparation, purification, and characterization of compounds 1: l 2,22 and 323 have been already described. Flash chromatography over silica gel (elution by dichloromethane) and recrystallization from ethyl acetate were carried out as the last purification steps.
2-(2',5'-Di-~ert-butylphenyl)-lH-~fjiso~ole 1,3(W)-dioae (4). 2,3-Naphthalenedicarboxylic acid (1.08 g, 0.005 M) was intimately mixed with 2,5-di-tert-butylaniline (5.12 g, 0.025 M), and the resultant mixture was heated for 3 h at 180-200 OC. After cooling, the solid reaction mixture was ground up and added to 100 mL of aquwua HC1 (1 N) and stirred at 60 OC for 0.5 h. The solid was then filtered and heated for 0.5 h at 50 OC in 100 mL of aqueous NaHC03 (1 M). After separation, the remaining solid (1.26 g, yield 65%) was purified by chromatography (elution with CHZClz) over silica gel, and the product (20) 
Results
The literature contains very little information on the spectroscopic properties of the naphthalimides. Therefore, by way of illustration, the absorption and fluorescence spectra of 2-methyl-lH-benzv]isoindole-l,3(2H)-dione (2, N-methyl-2,3-naphthalimide) and its N-phenyl 3 and N-(2',5'-di-tert-butylphenyl) 4 derivatives in acetonitrile solution are given in Figure  1 . A summary of the most important fluorescence and singlet-state properties of compounds 1-4 are given in Table I. A. Absorption and Fluorescence. The absorption spectra of all the 2,3-naphthalimides, 1-4, in CH3CN or CH2C12 solution show a short-wavelength absorption maximum around 255 nm and a structured one at longer wavelength with maxima at 340 and 355 nm. The fluorescence spectra of unsubstituted 2,3-naphthalimide 1 and of its N-methyl derivative 2 are mirror images of their long-wavelength absorption spectra. The fluorescence decays with a lifetime of ca. 8 ns.
N-Phenyl-2,3-naphthalimide (3) shows a dual fluorescence (Figure 1 ). At room temperature, a very weak fluorescence (@f < 2 X lo4) is observed at 350-410 nm, in addition to a much stronger broad and structureless fluorescence band situated in the 420-620-nm range, with a maximum at 490 nm.
In both CH2Clz and CH3CN solution, the weak emission band observed for 3 at room temperature between 350 and 400 nm is analogous to that of 1 and 2, but a si&icant difference is observed in their lifetime: The short-wavelength emission of 3 has a lifetime shorter than 50 ps (technological limit) while the long-wavelength emission decays with a lifetime of 1.3 ns in acetonitrile and 2.1 ns in dichloromethane solution. By blocking the rotation of the N-phenyl group with a 2'-tert-butyl substituent (compound 4), the long-wavelength emission is suppressed and the lifetime of the short-wavelength fluorescence is now on a nanosecond time scale.
Solvent Effect. The shift of the long-wavelength fluorescence band of 3 as a function of solvent polarity has been examined by using many solvents varying from nonpolar ones (hexane, methylcyclohexane) to strongly polar ones (acetonitrile, propylene carbonate). The position of the fluorescence maximum I,,, has been plotted versus Lippert's Af function24 where pg and pe refer to the dipole moments of the ground and excited states of the molecule, respectively, h is Planck's constant, c is the velocity of light, a is the radius of Onsager cavity which fits the molecule, and e and n are the solvent dielectric constant and refractive index, respectively. As can be seen from Figure   2 , a reasonably linear plot is obtained. The variation in vmax between hexane (e = 1.88) and propylene carbonate (e = 65.1) is rather small, ca. 900 cm-I. This corresponds to a change in dipole moment between the ground state and the singlet excited state of 3.4 D. at room temperature. As the viscosity of the solution increases, the intensity of the long-wavelength emission around 490 nm decreases and that of the short-wavelength emission around 405 nm increases (Figure 3) . Simultaneously, the lifetime of the short-wavelength fluorescence increases from less than 50 ps to 125 ps, 180 ps, and 450 ps, respectively. However, no change in lifetime is found for the long-wavelength emission which remains a t 1.3 ns in all four solutions. The time-resolved study of the two fluorescences in the 50/50 (v/v) ethanol/glycerol mixture demonstrates that both emissions have rise times within the 50 ps of the laser pulse ( Figure 4) .
In ethanol solution at room temperature, 3 emits mainly around 490 nm while, at 100 K or lower, the short-wavelength emission, analogous to that of 1 and 2, is mainly observed (Figure 5) . Also, the lifetime of the short-wavelength emission increases from less than 50 ps at room temperature to several nanoseconds at 77 K while the long-wavelength fluorescence lifetime does not vary much when the temperature decreases from 293 to 135 K.
C. Phosphorescence. All measurements were carried out in a 95/5 butyronitrile/butyl acetate mixture. At 77 K in this mixture all compounds have a structured phosphorescence with three maxima around 492,524, and 560 nm and a lifetime between 3.2 and 3.8 s. The spectra are similar to that of naphthalene but red-shifted by ca. 25 nm.
Discussion
The long-wavelength fluorescence could be attributed to a "twisted intramolecular charge-transfer" (TICT) state emission as found, for instance, in the case of the somewhat structurally related benzanilide~.~~ A TICT state contains two separated charged moieties within a molecule geometrically disposed to assure a minimum overlap of their orbitals. The emission from such a polar state occurs a t long wavelengths and is strongly dependent on the solvent polarity.26 The small variation in Ap (3.4 D) between the ground state and the excited state emitting at long wavelengths, as deduced from the plot of vmax versus Af, is incompatible with an emission originating from a TICT-type species since one would expect a rather large change in dipole momentZ6J7 for the molecule when one electric charge has been transferred from the donor moiety to the acceptor part of the molecule. Such a change in dipole moment would also cause a large shift (3000-5000 cm-I) in the position of the fluorescence maximum, Le., larger than the 900 cm-' observed for 3 when hexane is replaced by acetonitrile. For this reason, and others which are discussed below, a TICT state cannot be put forward to explain the dual emission observed here for 3.
The appearance of the long-wavelength fluorescence can be attributed to the presence of the phenyl rotor in the molecule, and Inhibition of the N-Phenyl Rotation in 3. Several approaches have been used to demonstrate the importance of the rotation of the N-phenyl substituent of compound 3. One of them has been the study of N-(2r,5'-di-tert-butylphenyl)-2,3-naphthalimide (4) in which the bulky 2'-tert-butyl group prevents the rotation of the N-phenyl substituent around the free N-C single bond. In acetonitrile solution this compound exhibits only the short-wavelength emission, exactly at the fluorescence wavelengths of compounds 1 and 2. Its fluorescence quantum yield (0.066) and singlet lifetime (1.2 ns) in acetonitrile are at least 25 times higher than those of compound 3 which contains the N-phenyl which is free to rotate. In compound 4, Qf and 7, are still 4-5 times smaller than the corresponding values for 1 and 2. Thus, at this stage, the short-wavelength emission can be attributed to a molecular structure in which the 2,3-naphthalimide skeleton is not perturbed by the substituents on the nitrogen atom. In the case of compound 3 this implies that the short-wavelength emission originates from a structure in which no interaction exists between the two moieties of the molecule. This occurs when the N-phenyl substituent is in a plane orthogonal to the naphthalimide moiety. In such a case, if a TICT was developing with this appropriate structure, we should expect (i) the presence of a long-wavelength emission for compound 4 and (ii) an increase of this emission for compound 3 when the temperature is lowered to 77 K. Since this is definitely not the case, one cannot attribute the long-wavelength fluorescence to a TICT state.
One possible hypothesis explaining the dual emission of 3 is that the Franck-Condon state formed by light absorption emits at short wavelengths (SW) and geometrical changes of this excited molecule could lead to a new species emitting at long wavelength m l (Figure 4 ). This eliminates a direct path between the two emitting species. The same conclusion can be drawn if an intermediate between the two luminophors was involved: Thus, if we suggest that the sequence is SW* -. X* -. LW* and that the intermediate X* is shorter lived than SW*, then the growth of LW* would still correspond to the decay of SW*. On the other hand, if we consider the opposite situation, where X* is somewhat longer lived than SW*, then the growing in of LW* would be more easy to observe. Since both SW* and LW* have rise times within the 50-ps laser pulse, SW* cannot be the precursor of LW*. These conclusions also eliminate SW* as being the Franck-Condon state A*. Therefore, the latter must generate two independent states, SW* and LW*.
We therefore propose the following model: Light absorption promotes molecule Ao to its lowest singlet excited state which undergoes fast transition to the relaxed Franck-Condon state A*. Then, in addition to the usual nonradiative deactivation processes, we assume that A* undergoes intramolecular rearrangements to two, geometrically different excited states SW* and LW*, the second one resulting from the rotation of the phenyl group around the N-C single bond. A similar process has been suggested to occur after excitation of phenyl-substituted biphenylsB However, contrary to the biphenyl case, it is the newly formed LW* state which emits the long-wavelength fluorescence after vibrational relaxation. That the long-wavelength fluorescence emission involves the rotation of the N-phenyl group is demonstrated by N-(2',5'-di-tert-butylphenyl)-2,3-naphthalimide (4) 
A* -LW* ( 6 )
On the basis of this scheme the short-wavelength and the longwavelength fluorescence quantum yields, @[ and @p, respectively, are
and where f and f' are the lifetimes of SW* and LW* and BW' and @Lw" designate the quantum yields for the formation of the SW* and LW* states, respectively: J. Am. Chem. SOC., Vol. 114, No. 3, 1992 951 Thus, if the Franck-Condon state decays to only LW* and SW*, any change which hinders the phenyl rotation should decrease the efficiency of reaction 6 and the quantum yields of all the processes originating from LW* including a/', Therefore, the efficiency of the short-wavelength emission would increase,
The origin of the triplet state is a little puzzling, since it could be generated from A*, SW*, or LW* or even from all three states.
The phosphorescence observed at low temperature (<lo0 K) must originate from A*, since the other two, LW* or SW*, are no more populated at this temperature (vide infra).
The decay time of the SW* state of 3 is at least 2 orders of magnitude shorter than the singlet lifetimes of the unsubstituted 1 and the N-methyl derivative 2. In terms of the reaction scheme given above, this can be explained by either (i) a fast singlet to triplet intersystem crossing or (ii) a fast internal conversion process from the SW* state such as an intramolecular rearrangement into another nonemitting state. To discriminate between the various configurational possibilities of the N-phenyl derivative 3, we have hindered the configurational changes of the molecule by increasing the viscosity of the medium; two different approaches have been used for this: first, by increasing the amount of glycerol in a glycerol/ethanol mixture a t room temperature and, second, by decreasing the temperature of an ethanolic solution. Viscosity Effects. The rotation of the phenyl group following the light absorption by molecule 3 has been demonstrated at room temperature by using several glycerol/ethanol mixtures. In ethanol, the main fluorescence occurs at long wavelengths, and it hardly decreases when the glycerol content is increased. However, a new broad and structureless emission appears (Figure  3) at the same time with a maximum at 405 nm, and the breadth of this band is similar to that observed for the N-H and N-CH3 derivatives in this solvent mixture. The absence of structure for the SW* emission can be attributed to the time taken for the glycerol/ethanol mixture to relax around the SW* excited state. Cooling the 80/20 glycerol/ethanol solution of 3 to 200 K makes the short-wavelength emission appear structured; this corroborates that the broad fluorescence band observed around 405 nm at room temperature is the superimposition of several SW* emissions differing from each other because of the position of the surrounding glycerol molecules.
The rotational diffusion time r, of the excited solute molecule in the solvation shell can be obtained from the Debye-StokesEinstein relationship (14) where 7 is the viscosity coefficient of the solvent at the temperature T, k is Boltzmann's constant (1.38 X ergK-'), and Vis the molecular volume of the excited molecule deduced from the van der Waals increment^.^^ The molecular volume calculated for N-phenyl-2,3-naphthalimide is ca. 202 A3 from which a relaxation time of 2.0 ns is calculated in the 50/50 (v/v) glycerol/ethanol mixture (I) = 43.5 cP). This relaxation time clearly indicates that the molecule does not have the time to relax completely in the solvent mixture since the lifetime of the short-wavelength emitting state is ca. 4 times shorter than the solvent relaxation time.
However, the effect of viscosity on the fluorescence properties of 3 should not be attributed only to the variation in solvent relaxation time, since the branching ratio for the formation of the LW* and SW* states from the Franck-Condon state is likely to depend on viscosity which will influence the efficiencies of internal conversions from the excited states occurring by rotational (torsional) motion of the N-phenyl group. room temperature; this value appears to be too small for changing considerably the SW* and LW* emissions ratio. For instance, under conditions where the viscosity coefficient is 600 cP, ethanol at 135 K, the short-wavelength emission is still very weak (Figure 
5),
It has been shown that increased solvent viscusity enhances both the fluorescence yield and the decay time of the SW* emission, thus indicating that a viscosity-sensitive deactivation p r o c a from SW* operates. On the other hand, the fluoraccnce quantum yield and lifetime of LW* are practically constant when the glycerol content of the glycerol/ethanol mixture is increased at room temperature.
The experimental ratios af/r may be used together with eqs 9 and 10 to obtain estimates for the yields of formation of the emitting states, i.e., for aSw' and Assuming &( for compound 3 to be the same as that for 1 and 2 (where k( = 3 X lo7 s-l), an average a{ yield of about 0.4 is obtained from the O ( / r ratio measured at room temperature. No good kj' estimate for 3 can be obtained; thus, a rough first approximation of 3 X lo7 s-' is assumed for it. With this value, a aLW" yield of about 0.1 can be estimated; this value decreases as the solvent viscosity increases.
Although the experimental error of the af/r ratios and especially of the k;' estimations introduces some uncertainties in the quantum yields given above, nevertheless the results indicate that aSw' + aLW" < 1. This means that other processes compete with the formation of the SW* and LW* states from the FranckCondon state.
The lifetime of the short-wavelength emission of 3 increases as the viscosity of the glycerol/ethanol mixture increases while that of the long-wavelength emission remains practically unchanged (1.3 ns). This observation can be taken as an indication that the deactivation route of SW*, but not of LW*, is hindered by increasing the viscosity.
Temperature Effect. The effect of temperature change on the luminescence properties is expected to arise from two effects. First, large decreases in temperature are likely to decrease the rate of activation-controlled processes, and, second, viscosity changes will induce the same effects as those observed for the ethanol/glycerol mixtures. There are no detailed data available on the temperature dependence of the lifetime of the short-wavelength emission. We know that in ethanol solution r increases from the room temperature value of less than 50 ps up to several nanoseconds at 100 K. The processes depopulating the SW* state might be intersystem crossing to the triplet state and internal conversion to the ground state through rotational or torsional motion of the N-phenyl group. Therefore, the considerably longer lifetime at 100 K is not unexpected a t this low temperature where the molecule's motion becomes strongly inhibited.
The slight blue shift (25 nm) of the long-wavelength fluorescence as the temperature is decreased results from the increased solvent relaxation time around the excited molecule due to the higher viscosity. The rotational diffusion time 7, calculated from relation 14 gives 70 ps for the ethanolic solution at room temperature (7 = 1.2 cP). Such relaxations already have precede n t~.~*~* However, it becomes much longer, 35 ns, when the temperature is decreased to 135 K (I) = 600 cP). Then the solvent can be considered as motionless within the lifetime of the excited state emitting at long wavelength: 2.8 ns.
The lifetime of the LW* state of 3 also increases by a factor of 2.1 (from 1.3 to 2.8 ns) when the temperature decreases from 293 to 135 K (Figure 6 ). In the absence of viscosity effects (vide supra), the smaller temperature dependence of the lifetime corresponds to the nonradiative processes determining the decay of the LW* state.
The quantum yields of fluorescence emitted by SW* and LW* states of 3 increase with decreasing temperature in the range of 300-135 K; this amounts to a factor of 7 for LW*. The fluorescence increase is small but real in case of SW*, but it would be hazardous to quantify it because of the very low efficiency in this temperature range.
Assuming that kf" is temperature independent, the ratio of LW* fluorescence quantum yield over its lifetime increases by ca. a factor of 3.2 between 298 and 135 K, which, according to eq 10, corresponds to an increase in the yield of formation of the LW* state with decreasing temperature. Thus, the experimental temperature dependence of (PLW'' is not in accord with what is expected. The high increased viscosity with decreasing temperature should not favor the formation of LW*, which needs rotation of the N-phenyl group to be formed. This discrepancy can be explained by assuming that the formation of SW* from the Franck-Condon state requires a small activation energy which determines the temperature dependence of the branching ratios for the formation of SW* and LW*. For example, SW* may be formed from the Franck-Condon state by intramolecular geometrical relaxation such as a change in the valence angles of the N atom. A further decrease in temperature from about 135 to 77 K causes a sharp change in the fluorescence quantum yields: The LW* emission becomes undetectable at 77 K, while the SW* emission increases to become the only strong fluorescence emitted at 77 K. This characteristic change in luminescence behavior can be explained by the blocking of the N-phenyl rotation by freezing the solution. Since an energy barrier exists between the Franck-Condon and the SW* states, the structured emission observed at short wavelength below 110 K must originate from the Franck-Condon state.
Structure of the Ground and Excited States. It is important
to confirm the structure of the molecules in their ground state, but the structures found in the literature determined by X-ray crystallography deal only with N-substituted phthalimides. Furthermore, the results concerning the orientation of the N-phenyl substituent with regard to the phthalimide moiety are contradictory. Thus, dipole moment measurements suggest that Nphenylphthalimide has a preferred planar c~n f o r m a t i o n .~~ On the other hand, X-ray crystallographic investigation of N-(2'-carboxypheny1)phthalimide indicates that the carbon atoms bound to the nitrogen atom are coplanar and that the N-phenyl and the phthalimide groups are in orthogonal planes.34 Similarly, X-ray diagrams of N-cyclohexylphthalimide show that the cyclohexyl ring is not coplanar with the phthalimide ring.35
An extensive X-ray analysis has been performed36 upon 3. It demonstrates that, in the solid state the two planes, the one containing the N-phenyl substituent and the other the 2,3-naphthalimide part form a 60° angle. Interestingly, the lengths of the two N 4 bonds between the nitrogen atom and the carbon atoms of the two carbonyl groups are almost identical 1.393 and the distance between the nitrogen atom and the carbonyl carbon atom (1.426 A) in N-methylben~amide,~' thus showing some double-bond character. In addition, the sum of the three angles made by the nitrogen atom and its three substituents is 359O50/, which clearly shows that the three carbon atoms bound to the nitrogen are coplanar with the latter.
M N D O calculations performed on N-phenyl-2,3-naphthalimide3* indicate that the ground state of the molecule is stabilized by -0.5 eV when the phenyl substituent is in a plane orthogonal to the naphthalimide moiety. In this case, the transition is of naphthalene-naphthalene type, in agreement with the fact that all four compounds 1-4 have almost identical long-wavelength absorption spectra. No calculations could be carried out upon the excited state of 3 but only on that of N-phenylphthalimide. If the results obtained can be extended to the N-phenyl-2,3-naphthalimide series, then the excited state would have charge-transfer character involving a negative charge transferred from the phenyl group to the naphthalimide moiety. This is found to be stabilized by ca. 90° rotation of the phenyl group in order to become coplanar with the naphthalimide part of the molecule.
Due to its slightly polar structure and according to the X-ray measurements, as well as to the deductions made from the spectroscopic data, the ground state of 3 and its Franck-Condon excited state in solution would have structure 5, where the Nphenyl substituent is orthogonal to the naphthalimide moiety.
1.407 A) but shorter than the N-phenyl bond (1.425 6 ) or than d:-
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As far as the LW* state is concerned, a structure in which the two aromatic moieties are coplanar enables an extended conjugation through the nitrogen lone-pair electron orbital. Such a structure would correspond to either one of the following two structures, 6 and 7, but according to the theoretical calculations 0 7 6 extended to the naphthalimide seria (vide supra), the excited state would have some charge-transfer character coresponding better to 7 in which the charges are delocalized over the two coplanar aromatic moieties. Nevertheless, the low value obtained experimentally for the variation of the dipole moment between the ground state and the excited state (Ap = 3.4 D) is more in favor of the less polarized structure 6 which is similar to that of the ground state (with a planar nitrogen atom) with the exception of the rotated phenyl substituent.
There is already a precedent of dual emission for this type of chromophore with double-bond character between the nitrogen atom and the carbon atom of a carbonyl group. This occurs with benzanilide which emits only weakly from the Franck-Condon state but shows two other fluorescences, one of them originating presents a rather long excited singlet lifetime (ca. 8 ns), would explain its 2 7 + 27 cycloaddition to an olefin" leading to the naphthazepinedione molecules 8 (Figure 7) . Such an intermediate has also been proposed in the case of N-methylphthalimide14Js and of N-methyl-1 ,Znaphthalimide;@ it is closely related to the product resulting from the photoaddition of olefins to ethoxyisoindolone where the four-membered ring intermediate could be isolated. 41 In summary, both the short-wavelength and the long-wavelength emitting states of 3 are found to originate from, but are not, the Franck-Condon state. They decay with lifetimes differing from each other by about 2 orders of magnitude. In both the Franck-Condon state and the short-wavelength emitting state, the phenyl substituent is in a plane orthogonal to the naphthalimide moiety, while in the long-wavelength emitting state the two planes are coplanar.
Registry NO, 1, 6247-15-0; 2, 42896-23-1; 3, 21815-18-9; 4, 137769-13-2; 2,3-naphthalenedicarboxylic acid, 2169-87-1; 2,5-di-tert-butylaniline, 21 860-03-7. 
Existence of Carbanion Triplet Structures As Evidenced by NMR Spectroscopy and MNDO/AM 1 Calculations
Introduction
The nature of the carbanion-alkali metal interaction is an important aspect of carbanion chemistry.2 A variety of spectroscopic and theoretical approaches have been utilized to increase the understanding of this area of organometallic chemistry, where the role of covalency vs ionic interactions and also the presence of aggregation effects have been the greatest challenges. In the case of salts involving delocalized dicarbanions, an ion triplet arrangement has been propo~ed.~ This proposal was based on the application of Coulomb's law, where the alkali ions were
